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ww^r*" cytnm#^l«vini* ftfCMV). a ubiquitous member 
the herpesvirus family, can be associated with a wide 
< ; spectrum of disease, particularly in immunocompromised 
ISjrk Persons. The factors that are responsible for this wide 
|p ipectrum of clinical manifestation of HCMV infections are 
- largely unknown. The route of imcction and variation in the 
strain of infecting virus may influence the development of 
disease* Host immunological functions clearly play an im- 
portant role in the control of infection. To more fully 
understand the importance of the immune response in limit- 
ing the severity of HCMV infections, it is necessary to first 
characterize the virus-encoded targets of this response. 
Serological diagnosis of active HCMV infection is mainly 
a ; ; °ued on a significant rise in antibody levels detected by a 
¥r*s complement-fixation test or an enzyme-linked immunosor- 
bent assay. While highly useful in detecting an immune 
response to the virus, these assays do not determine thehne 
specificity of antiviral antibodies since each assay indiscrim- 
inately detects antibodies against multiple viral antigens. To 
give a more precise definition of the humoral immune 
response during active HCMV infection it is necessary to 
evaluate titers against defined antigens. HCMV is a highly 
complex virus encoding approximately 30 to 40 structural 
.„.„ proteins and an jnknown number of nonstructural polypep- 
tides (for a review, see M. P. Landini and S. Michclson. 
" ^ Prog. Med. Virol., in press). Several laborarories have 
employed Western blotting (Immunoblotting) analysis or 
fomunoprecipitations to identify individual viral poJypcp- 
tides that are recognized by human immune sera (14, 15, 19; 
aSiT s;T." B. Nowak, Ph.D. thesis. University Erlangen-NOmberg, 
" 1984). In these studies it was found that immune sera contain 
, various amounts of antibodies against the majority of the 
structural components of HCMV. The immune response 
;. involved 15 1 25 proteins ranging in molecular size from 28 
to 200 kilodaltons (kDa) (14, 37). However the intensity and 
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frequency of the immune reaction was \ TIJ 

tour polypeptides of 150, 65, 5*. and 28 kDanTbrerof 3 
proteins which elicited this antibody response were"^ ^ 
terized. They corresponded to the basic pho sp hor 
(ppl50), the major matrix protein (pp65), andtfair 
glycoprotein (*p58). As an initial step in studying tbei 
nogenic potential of various structural potypeptf 
started to isolate the genes coding for these highly ! 
reactive proteins. This information win be used to s}»**^ 
viral antigens via procaryotic or eucaryotic expression 4 ! 
terns and to measure antibody levels in a defined system 
The mapping and the characterization of the genes cooing fa 
PP150, pp65, and gp58 have been reported <9 # 17. 1~ ~ 
approach to the characterization of pplSO and gp58 V 
isolation of clones coding for these polypeptides b^i. w 
yotic expression doning. A cDNA library from potyiMi 
KN A, isolated from HrF cctis at iate times in iniemfM 
constructed in the vector lambda gill (17). In thta system thai 
cDNA is inserted into the 3' end of the hcZ ceoe. Exprc 
sion of the gene results m the synthesis oft fusion protetf < 
(Vgalactosklase and the respective foreign porj 

which can be detected by monospecific antisera or i 

nal antibodies. Here we describe the fdemificaUoi.? 
characterization of the gene coding for the fourth \ 
immunogenic structural polypeptide of HCMV, thelJ 
polypeptide, which Is also shown to be a pbospbc 
We also show that a recombinant Escherichia coQ 
containing parts of pp28, can be used to detect 
antibodies in human sera. . /-. 

MATERIALS AND METHODS 

Virus, ceH cult are, and virion parfftcatfcaV ^ 
HCMV strain AD169 was propagated tn human - 
fibroblasts by standard methods. Extracellular Vt, 
purified from the tissue culture su p er natan t throughl 
erol-tartrate gradient (31). > 

Recombinant ptasmlds. Ptasmids pRRl, 
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g$?pCM5009 were described previously (25). Plasmid p271 was 
M generated by inserting the 50fM>as*pair (bp) fcoRISmal 
^ fagmentof plasmid pHM7 into pE.X-2 (29). pHM7 contains 
ithc 500-bp KpnUSmal fragment inserted into M13mpll 
w££ (nucleotides 1443 through 1936). 

li? CoostnxtJoo and screening of the cDNA library. The 
|% construction and screening cf the lambda gtll library have 
5§f: been described in detail (9, 17, 3<S). 
f Jeqococe analysis of the viral DNA. Sequencing of lambda 
f* gtll cDNA and viral DNA was performed by the chain 
termination method (26). The cDNA was subcloned into 
^ MUmpll before sequence analysis. Sequence analysis of 
jt* /ftidlll R fragment was carried out usin* the M13<hain 
^^termination method (26) with the random strategy of Bankicr 
*" • Md Barren (2), The fragment was excised from the plasmid, 
which was kindly provided by J. Oram and P. Greens way. 
_ The sequence was determined on both strands bv the shot* 
^ gun method, and each base was determined an avemge of 
times. The DNA sequence was compiled with the 
^DBOTIL program (77) and analyzed with the ANALYSEO 
i& program (28). 

P Induction of fusion proteins. Fusion proteins of gtll clones 
f&were produced as described previously (36). P271 ftision 
^proteins were produced In £. coil pop2136 (29); The cells 
r were grown to a density (A m ) of 0.2 to 0.3 at MTC and 
Induced by a quick temperature shift to 42*C. Synthesis of 
the fosion protein was allowed to continue for 90 min. Af- 
ter that the ceUs were harvested, lysed in sodium dodecyi 
sulfate (SDSVtel sample buffer, and analyzed on SDS- 
poiyacryUmldc $d e!sctrc?r*r*«i«. 
Prejeto gd electrophoresis and Western Mot analysts. Poly, 
gte. peptides were denatured in SDS, clcctrophorcticaJly sepa- 
M rated on polyacrytamide gels, and transferred to nitrocellu- 
lose as described previously (13. 34). 
J. Prodoctton of monoape d flc anttarra against Anton proteins. 
coil extracts containing the talon proteins were sepa- 
rated on Preparative 8% polyacrylamlde gels, stained with 
Coomassie brilliant blue, and partially destained. The band 
corresponding to the fesion protein was cut out and frozen in 
liquid nitrogen. The frozen polyacrytamide gel slices were 
pulverized in a Dysmembrator (Fa. Braun. Melsungen. 
Federal Republic of Germany), and the proteins were ex- 
tracted by repeated incubations with 0.1 M (NHJHCO, (pH 
9J) containing 0.1% SDS. The combined etuates were 
lyophilizcd and used to tmfmmire ruhWts. Initial It\>cctions 
[Were administered with complete Freund adjuvant, and 
booster Infections were administered with incomplete adju- 
vant at 4-week Intervals. Antibody titers in sera were mon- 
itored in Western blots. \ 

. la vitro pbospborrtatfea. Extracellular virions were puri- 
fied from two 150<m J culture flasks, washed three times 
with buffer A (0.1% NonWet P-40. 20 mM MgClj. 50 mM 
Tris hydrochloride (pH S.0|). and collected by ccntrifcgatlon 
(30 min, 20.000 x * ). The protein content was deter- 
mined In the virus suspension by the Bio-Rad assay. For the 
>.! kinase reaction 10 >ig of protein was incubated with 7 \iC\ of 
w lr"PlATP and 200 pJ of kinase buffer (buffer A containing 
J* 0,1% NonWet P-40) for 1 h at room temperature. Then 10% 
S£ ^ the reaction was precipiuted with trichloroacetic acid. 
«nd the Incorporation of radioactivity into the protein was 
determine d. Usually about 500.000 cpm/pg of protein was 
> incorporated. 

Oil baamaopredpltatlon. Immunoprrcipitatioos were oer* 
rformed as described previously (19), with minor modiA* 
h , .cations. The iysates were precleared by Incubation with 
normal mouse or rabbit serum, and Formalin* fixed Staph- 



ylococcus aureus cells (Behringwerke. MarbwTgvLi 
Republic cf Germany) at 4X for 30 min. The lysales<l 
then clarified by centrifugation at 10.000 x g for 5 atem 
RNA extraction and Northern Wots. For the preparation 
RNA, 70 to 80% confluent monolayers of HFF cefls i 
infected with HCMV strain AD169. Whole cell RNX^w™ 
extracted from infected ceils as described previously (3). For] 
tmniediate-early RNA. the cells were maintained in medium! 
containing c)cloheximide (50 pa/ml) for 60 min before? 
infection with 5 to 10 PFU per cell. The cells were Infected? 
tor 14 h In medium containing cydoheximide, and RNA was! 
prepared. For early RNA. cells were maintained in medfamj 
containing 100 \x% of phosphonoacetk add per ml ftxxn J tot 
22 h after infection. For late RNA. cells were harvested lukd 
RNA was prepared at 72, 96. and 120 h after; infection. Kef 
RNA was fractionated on 1.5% agarose-2.2 M formaiddrVdel 
gels. Human 18$ and 2SS rRNA and bacterial 16Saad&S| 
RNAs were used as si/c markers. RNA was transferred tbi 
nitrocellulose membranes as described previously (33)< 

RESULTS A . 

Isolation of a cDNA done coding for pp28. In our U w „ 
studies monospecific antibodies against polypeptides;] 
tially purified on preparative poryacryiamkfc gels were ill 
^^^tion of Uk 28 VDa polypeoti*. however^ 
not feasible by this method since ft is ndt a constituent wt, 
is easily identified in preparative gels. We therefore usedt 
monoclonal antibody P2G11. In Western blou this antibo^™ 
reacts with a protein of 28 kDa in infected cells and purified 3 
virions (22). The antigen recognized by the 
antibody P2011 appeared to correspond to the to 
28-kDa pdypeptide recognized by immu 
present In human sera (22). / 

A total of 150.000 recombinant gtll phnget were L, 
with P20U. Two positive signals were obtained. One w 
(designated BUML-1) was purified and characterized' 
detail. E. coil Y1089 cells were infected with the recoT 
nam phages, and the synthesis of the Alston protein - 
induced by the addition of isorropyl-0-D4hibgaiacfa 
ranoside. In protein extracts of E. coil cells Wccted^ 
BUML-1 an abundant protdn of about 130 kOa was sti 
sized which was not present in £. coil cells infected 
lambda gtll. Here a protein of 11H kV* % rnrretpondii 
fi-galactosldase, was dctecuble. Both polyjpeptfideaL 
readily detectable in polyacrytamide gels after staintagVu 
Coomassie brilliant blue, suggesting a high synthesis rWflnw 
Western blots the 130-kOa polypeptide of BUMM reacted] 
exctusivdy wfth the monbcional antibody P2011 (datai 
shown). Proteins from lambda gtll-infected cefls or ft 
proteins from unrelated cDNA clones were not recognL^H 
We took this as evidence that BUML-1 was lynthtswain 
hybrid protein of 9-galactosldase and ports of pp28 of J 
HCMV. To Airther substantiate this, DNA wta ^reptftidT 
from plate Iysates and the cDNA Insert was cut out iWUll 
£roRI. the enzyme used In the original cloning p roce dur eilfll 
agarose gels stained with ethidhim bromide a DNA fragment? 
ot Mbout 270 bp was detected (date not shown). TWs trag4 
ment was radiolabeled with W P and hybridized in a dot-spot j 
MMy to DNA from eight cosmld clones spanning the whole 
HCMV genome (5). The cosmid pCM1058, containing the 
fragments ////rdllt-T, .R, and -B. hybridized to the cDNAS La 
a more detailed Southern blot analysis the complementary 
scvur nces were located within a 300- bp kpnl-Smal fragment 
at the left end of ////fdllNR (Fig. 1A). Since /YfrdUJ-R K 
clraved Into tw KpnUSmal fragments uf equal site ;(Ri. 
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&£\J? 0 - Structure ef the HCMV AD1W genome and loealtntion of the pt» ON A. (A* Schematic representation of the HCMV 
*t? restriction maps for //Mill and EcoRI. The ptasmids containint ///mill I fragments S (pRRl). R (pCM5009). and T (pOCOffiM! 

I*4citcd on top of the map. The 6.5-kb ///mill! R fragment Is *ho*n on an expanded scale below the HCMV t^^V^l^etiSi 
itstrktion endomicleaae recognition sites are given. The localization of the cDNA of RUML-1 is marked by the hatched area. The oritntASool 
of transcription Is indicated by an arrow. (Bl Reading frame analysis of the Ant 3. J00 nucleotides of ///*dll!R (4). Ban above the horizontal ? 



Una indicate itart codons; bars below the lines Indicate itop codons. The potential CAT axd TATA sites and the poitfA) signal itqutnod 1 
Indicated* - 



^ 1A). it wu not possible to determine the exact location of 
V the cDNA complementary sequences in I his analysis. How- 
ever, the two fragments can be distinguished by an SstU 
recognition site located at nucleotide 1877. Taking advantage 
of this restriction site, it was nossittc to locate the cDNA to 
the right KpnlSmai fragment In the genome rientMtoo 
shown In Flit 1A. To establish the nucleotide sequence the 
270-bp cDNA fragment was suhcloncd Int MUmpll and 
> sequenced by the chain tcnninatlon method (26). The exact 



size of the cDNA was found to be 273 nucleotides (Fbj-^L Itl 
contained an open reading frame running through the entiie j 
fragment. The translation of 273 bp in addition to the! " 
gene would result in a polypeptide of approximately 1301 
k Da. The size of the fusion protein synthesized in BUML-l 
is in good agreement with this theoretical value/ 

f>tmfnle aeqoeoct of the regtos. coding for ppXLU 
nucleotide sequence of a 3-kOobasc (kb) segment whhtaj 
////tdlll-R was determined by the dldcoxy<haln termln ' 
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^a2&. L?!!??!!^ DNA »«tmefrt encoding ppM. The //Mill the between ftagmemt S and R h tates^af (erttt 

£ vwion una sequence net ween nucleotidet WIS and The TATA m«v*mjs K qu ence» tnd the ooMAl itou) imi<>m># aata* - 1 * ti 
,. J boxed. The tmino acid sequence of ORF ppM (Ru IB) h |„ the coe-tetter^ST^ W ' *^ ^ ^ 

few* ■ ' 

>/? method. Figure 2 shows the sequence of nucleotides 800 lo 
i, 2200. The HlndUl site between fragments S and R is taken as 

* 1 M mtdcoUde 0, The region of full homology between cDNA 
Jt^««l genomic DNA extends from nucleotides 1415 tc 1682, 
sM\ This determines the open reading frame {ORF) between 

* nucleotides 1399 and 1967 as the coding region for pp28 if the 
transcript is not spliced (see hetow). The AUO codon it 

E^T£,' P«Hlon 1399 follows the known rules for effective transla. 
^^Uonal start sites (12). Analysis of the nucleotide sequence 
""T upstream region revealed two potential TATA box fr- 
equences at nucleotides 893 through 898 and 1133 through 
: 1140. Both are "receded by potential CA AT boxes 83 and 59 
: nucleotides upstream. However/there is another potential 
Initiation codon that fulfills the rules of K r ak between the 
.„ potential prom ter sequences and the Initiation codon In the 
SttT*j . \ 



pp28 reading frame. This ATO at position 1336 has a 1 
at position -3 but is followed 7 codons late/by a tcrminatkwl 
codon. A potential potyadenylation signaUAATAAA Wlo-f 
cated at nucleotides 2144 through 2149. fte ORP pp281s) 
surrounded by two ORF* running in different dlrectkms (FigX 
IB). The left ORF starts within ///mini S and extends 1 to;? 
nucleotide 1046 (Fig. 2). The right ORF Is located at lhai 
opposite strand ending at nucleotide 2238. It is worth noting? 
that both left and rit^t ORFs show homology tb'reading! 
frames BOLF5 and BBRF3 of Epstein- Barr viroaiOn the] 
Epstein-Barr virus genome /the two reading frames ^ 
arranged In a nearly Identical fashion (1). U homolofi 
other published herpesvirus sequences was found for pf»**e 
rhe numerical molecular sixe,of the polypeptide etKode<by? 
ORF pp28 is 20.933 Dei. This il a clear discrepancy wfth^el 
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^VFIO. 3. Memiflcttkm of transcripts hornologous to RUML-t In 
* Infected ccU RNA. Whole cett RNA was boUted under immediate- 
^•ttiy (lane 2), early (lane 3). and late (lane 4) conditions and 
I fractionated oa a 1 J% agarose gel containing formaldehyde. Tie gel 
£ was Wotted onto iritrocethtloae and probed wtth the radiolabeled 
^?5i p . e -P N ^ ftl « mem * BUMH, Lam 1 contains RNA from 
&°*^ tcu * ^ ^ « M of RNA. Fragment 

JSP pvoo m Iwooaaes. 

f to estimated from polyacrylamidc gel electrophoresis. The 
^difference between this and the theorttlcaJ value of about 7 
|kDa Is roost probably due to the phosphorylation (sec below) 
£tnd the unusual characteristics of the protein. Computer 
Iwgrsis by the method of Hem and Woods (7) revealed that 
£pp23 Is aa extremely hydrophiHc protein. pp28 lacks trypto* 
^fhan, the most hydrophobic amino acid, and contains only 
1* phenylalanine and 1% tyrosine, whereas the hydrophilic 
^residues argmine, aspartk rdd. glutamic acid, and lysine 
f «P 33% of the molecule. According to the hydruphi- 
glfcity pattern the most hydrophilic regions are centered 
gwouud I amino acids 50 through 60 and 110 through 120, TTic 
sTaonoclofiai antibody P20U recognizes an epitope encoded 
.by the cDNA between amino acids 7 and 93. This is 
Sf^ttent with the prediction of Hopp and Woods that 
| hydfophllk regions are highly antigenic. An ovcrestimation 
^of the molecular size seems to be a phenomenon common to 
^the phosplioproteins of HCMV. Both the basic prttsphopro- 
jtefat tnd the major matrix protein have apparent molecular 
|afeea of 150 and 65 kDa when estimated by analysts on 
^SDS-poryacryiamide gel elecirophoresU. The theoretical 
Rvalues, however, calculated from computer analysis are 113 
£aad 61 kDa, respectively (9. 241. 

Aaatysai ■ af the *~m \* and time of appearance. In 
^Northern blot an*. 4 the size of the ppTft-speciflc tram 
tacript was determined. Total RNA from AD169-irtfected 
|cefls wm Unlated under Immediate-early, early, and late 
^conditions. The RNAs were separated on a 13% agarose 
? otenaturing gel and probed with the M P-radiolabdcd cDNA 
fBUML-1 fragment. A RNA species of 1J kb was the most 
Sprominent signal (Fit. 3). This transcript was present only in 
gRNA pfeparatioas Isolated late In Injection. The I.Hb RNA 
twaa encoded entirely within the //Mill R fragment. In 
^Northern blots with the surrounding fragments ffodtll-T 
gand *S no RNA species of this size could be detected at late 
►'times (data not shown). The 1.3-kb RNA was abundant late 
t in the infectious cycle. An addiunnal late RNA of 13 kb was 
^also detected within the HindUl R fragment. This RNA is 
i transcribed from coding seouences downstream of ORF 
E pplS, most probably from the right ORF (H. Meyer. M. 
fMach unpubitshed). Northern Mot analysis with single* 
- cDNA probes confirmed that the direction of 

T tlon for the i.3-kb RNA was from left t right In the 

^fenome arrangement shown In Fig. 1A (data not shown). 
* ; Bzpreadon eJonrng of pp2S. 1 o express a large part of pp28 



FIO. 4. Recognition of the frgnlacto r _ . 

by httnua sera. (A and 8) & roll extracts were 
SDS^yacrytamlde gel electrophoresis on a t% acrytaml 
Arter tramfer to tftoceTJulose the aiembraae wu cm\ and <«* 
was stained with amldo black to control for the transfer (AX Thai 
second half was subjected to the immune reaction (BK Lanes 007111 
roith txtract from done pTfl ; (pEX2) protela extract from pEX2g 
(Std) molecttlar weight marker (Sigma Chemical Co.). Somas (code! 
no. 54527) dilution was 1:750. (C) Proteins from purified virions of] 

***** n — *-* — v*" rrrrtsmlils gnl and Mtjstssif] 

to a Western Mot analysis with the same hmaaseremiamptnti l 
A and B. Lanes: (V) virions; <Db> dense bodies. Serum (coos J 
54527) dilution was 1:259. All slza are given ia Ulodaitons^ 

for immunological studies, piasmid p271 was 

(see Materials and Methods). The vector contains a I 
K P *\~Sma\ fragment of pp28 fused to the cro-0-fjJactosic*£j 
e gene of pEX-2 (29). The Kp*l-Smal fragment codes taS 
87% of pp2S. Fourteen amino adds of the amino termral 
and 11 of the carboxy terminus are lacking ia done p27 
The synthesis of the hybridprotein is controlled by the T 
promoter of phage lambda. Upon induction, a protein of 
kOa accumulated to high levels kit. coti ceOs carrymfthal 
p271 plastnid (Fig. 4A). This polypeptide was recognized] 
specifically by monoclonal antibody P2011, Indicating I' 
the ;>271 construct earned the HCMV sequences in the i 
orientation and reading frame. 

pp2S fl gifactotSJiM fusion protela recognized by 1 

sera. To test whether HCMV polypeptides synthesized In J 
coll could be used as antigens for diagnostic purp 
Western Mots with protein extracts of done p271 
carried out. In the first set of experiments 14 HOWposrdvtlj 
human serum samples and 6 negative serum samples werijf 
analyzed. Since human sera may contain antibodies against| 
£. coll proteins and especially 0-galactosidase, Jl 
samples were preincubated with an extract of E. cotf 1 
expressing the ao-0-galactosidasc protein. The same^l 
tracts were also run as controls. An example of a Wettcroj 
Not analysis Is shown in Fig. 4. The scrum weakly mat 
with the op2ft polypeptide when gradient-purified virus; 
used as the antigen. The reactivity was below 
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£t:7-f^:£» 

S?5: 5 'J* < ! ctk ^ or W M toinst recombinant 

precef^i^O^ ftom extracellular virions were separated by 
.fD^fwytti^ tei electrophoresis on . 10% •crySmkte t*7 
After tnmtref to nttforeffttlos* the membranes were cut and sub* 
tetoonereactioiu with various sera (A). (B) Amount of 
* transferred to nitrocellulose, stained with wnido black. 
(V^lextraceautar HCMV virion; (M) moleotlar wetfht 
.tw. 15 (^J 11 * »«n«c««n«l »mihorty PK.M1 ^Mkxt 1.250; (p 
>_KJ^ pa2Wprdmmttne fmbba ,Cf » : («BUMU • 271) rabbit tera 
>iMda against the fuskmprttfein ofBUML and P 271, respectively. Ail 
^feaa art given in kUodaltoni. 7 



J when purified dense bodies were used (Ft*. 4C). The 
- wsion protein, however, was strongly recognized by 
taerum even at a fourfold-higher dilution (Fig. 4B). This 
"ht be due to the higher amount of antigen present in the 
I Protein extract The preincubation of the human sera 
Ml the £. coil extract efficiently eliminated the problems 
^gwhfch may arise from antl-E. coil antibodies. Of the 14 
|Ibumn tenim samples, 10 recognized pp28 in punned vi- 
rrions. Toe same serum sample* also reacted with the p271 
™? P^eln, MHlfcatint that a recombinant protein can 
iP}****** L for authentic antigen. No reaction was seen 
^th all of the HCMV-negative senu 
{V- An antiserum was also raised against the recombinant 
.protein. Protein extracts from p271 cells were separated on a 
^preparative 10% polyacrylamide gel, and the 1364: Da hand 
jzwas cut out aAer staining with Coornassic brilliant blue. The 
Iproteln was eiuted from the gel and used to Immunize 
graft** The reactivity of the serum was monitored in 
^Vestern Wou by using purified virions as antigens. After one 
zdS? 1 !" W** 1 " 1 *era reacted with a polypeptide 

HJJ* 0 iwowed the same apparent molecular weight as pp28 
|(Fig. 5). The fast immune response again proves the high 
Ifaruramogenkity of the pp28 protein. Moreover, a serum 
d against the BUML fusion lutein also recognized the 
and did ^ th~v «ny reactivity to other HCMV 
gproteins iNg. 5). The specificity of the recombinant sera 
|ltpresents additional proof lhat the identified reading frame 
fcwhin the /ftidlll R fragment^ foct encodes the 2WtDa 
| polypeptide of HCMV. Neither recombinant serum was able 
Jto neutralize HCMV strain ADl&grown m tissue culture 
*<data not shown). V 




HO. a. SDS^yacrylamide gel elecrrophoretic analysis L 
mune precipitated proteins from is vtoo-phosphorytated HC 
virions. Monoclonal antibody P20U (lane 3), a271 rabbit atnnr 
$ l 1 nMi • ennn oon infectious enveloped? 
partWea (tane 1), and a preimmune rabbit serum (lane 2) werii 
as sources of precipitated antibodies. Precipitated proteins we 
etuted ta i the presence of MiereaptoMhanol. analyzed on alO 
scryfamide gel. and exposed to X-*.f On, Lane 6 contains HC 
Proteins labeled hi vitro with fr»PlATP. Lane 7 contains a :U 
labeled protein mixture. Molecular sizes (in tfodaltons) are i 
on the right 



InuanioiwtclpttatlM of pp28 with duTereut am^bodks; 

P^vious studies i have described a prios|^protein]i(19^ 
Nowak, Ph.D. thesis), a glycoprotein 00). and a c&stt 
protein (8) with molecular weighu in the range of 28 koVTo 
test whether pp28 described In this wort was identical with 
one of these polypeptides, we investigated a potential poat^ 
translaUonal modification of the protein. Digestion of virion < 
proteins with endogjycosidases did not alter the mobility of i 
pp28, suggesting that the protein was not glycosylated 
great extent (data not shown). To analyze a potential phbr* 
phoryiation of pp28. extracellular HCMv particles' wSff 
phosphorytated In vitro. HCMV particles have been shown 
to contain an associated protein kinase which Is capable of 
phosphctyiating in vitro the same polypeptides which ire 
phosphorytated in vivo (23). The presence of a virion/ 
associated protein kinase is typical of enveloped viruses and* 
has been reported for many mernbers of the hemesvfau* 
group (30, 32). Extracellular HChlV particles were collected 
from tissue culture supefnatandi 72 h po«tinfe<tlofi£n* 
HCMV particles were separated 1 Into virions. nofdiuVcttotof 
e ^eloped nartkles (METS), and .dense bodies by a gl 
oi-tartratc gradient. The fraction containing virions w» 
collected and used for the in vitro ptosnhorylafJoa>?ftv« 
proteins of 130, 71. 63, 36, and 28 kDa were moat Intense! 
labeled (Ftg. 6). They correspond to the bask rjoo sp hopc 
tetn (ppl50). upper and louer matrix proteins (ppTl 
pp63>. assembly protein (pp36). and the 24-kDa phosphC^ v 
teln. respectively, as described by Roby and Olbsoo<23) 
The presence of the 36- kDa assembly protein indicates ' 
(he virus preparation was not completely free of NIL. 
since this polypeptide b an exclusive constituent of NIBPS 
(?>. In agreement with previous studies (23). we also 
served that the 71-kDa upper matrix protein was ph 
rylated better in vitn when compared with the lower 

I •! Si 
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^protein of 65 kDa. The In vitro-pho sphorylated proteins were 
imiminoprccfpitated with monoclonal antibody P2G11 and 
the rabbit antiserum raised against the p271 fusion protein 
Both antibodies precipitated a protein of 26 kOa (Fig. 6). The 
same polypeptide, was also precipitated, although to a much 
lesser extent, by a rabbit serum raised against NIEPS, (Fig. 
6). In addition the NIEPS antiserum precipiuted phcspho- 
rylated proteins of 130. 80, 71, 65, 52, and 36 ItDa. The 
reacMqns are highly specific, tince a rabbit preimmune 
•ennn did not precipitate any of the phosphorylated pro- 
teins. These data strongly suggest that the 28-kDa structural 
protein of HCMV, which is encoded by the /ff/rdll! R 
fragment, it a phosphoprotein. 

DISCISSION 

In this report we describe thV identification of the gene 
{Coding for the immunogenic 28-kDa phosphoprotein by using 
ua monoclonal antibody. 

After the initial isolation of immunorractive lambda gtll 
JS^ HCMV plaques, the genomic region was localized by hybrid- 
^^•'SSff aM,v * i4 available cosmid and plasmid clones of 
&:HCfttV DNA. The coding sequence for pp28 is located in the 
& long unique segment of the viral genome within the left end 
f Of the tfZndlll R fragment. In this area three ORFs are 
4 wealed The nucleotide sequence comparison between 
£cDNA and genomic DNA established that the small ORF 
f codes for pp28. Our data exclude the possibility that pp28 is 
^terived tern a spliced transcript containing parts of the left 
SORFaad the small adjacent ORF. The pp28 cDNA spans the 
-jjgp whkh would have to be spiked out to create an OR*. 
ggThe pp2B gene is tmnncrihed into a l.3*b mRNA which is 
■^present exclusively late in the Infectious eye*. In thi* study 
? wo did not attempt to map this RNA precisely. A detailed 
^analysis of the transcripts originating from this part of the 
fMWndlll R fragment will be presented elsewhere (R. Lehner 
['tt^M. Mach. manuscript in preparation). With the accumu- 
[fitting sequence information on all human herpesviruses it 
| becomes apparent that some regions of the viral genomes 
$thow extensive homology. These similarities arc reflected in 
^the sequence of the proteins encoded as well as the relative 
j-organixatioo of the genes. Examples are the coding regions 
;for the DNA polymerase and the major glycoprotein (1, 6, 
Ml). There are, on the other hand, a number of HCMV genes 
JfWhfch do WM ?h«w hnmnlfwy tn thme of other hernesvi- 
Erases. Examples are the l*McDa bask phosphoprotein, the 
\65-kDa major matrix protein, and the entire short unique 
Iftgkm (35). In pp28 a different pattern seems to exiit. An 
f^ttrique gene is located interspersed between reading frames 
which are conserved between distantly related herpesvi 
"Yraaea, 

I* Recently, Martinez and St. Jeor (18) described the Isota- 
gttoo of a lambda gtll done whkh also maps wHhin the 
[/fl/tdlll R fragment The ftision protein synthesired by this 
f clone Is recognized by human sera. Antibodies raised against 
I the Alston protein recognize a 194 D* structural polypeptide 
I whkh la transcribed from a tmiul RNA of about 1.5 kb. 
'Since no precise mapping or sequencing data are given, it is 
not clear whether both proteins arc identical, especially 
|j» since the rY/ndlll R fragment codes for a number of immu- 
nogenk structural proteins (R. Lehner and M. Mach. unpub- 
l^lliahed.data). . 
t In several studies HCMV polypeptides in the range of 28 
J kDe have been described. In four reports either a posttrans- 
frtatftonal modification or the localization of the protein within 
the virus has been investigated. Roby and Gibson (23) as 



pp28 CENE OF HUMAN CYTOMEOALOV 

well as Nowak et al. (19; Nowak, Ph.D. ttslL 
phosphoproteins of 24 and f9 kDa, retpccUveiy^l 
suggested that the proteins art located in the m ttrttT 
than the capsad or the envelope. Pereira et a!. <2W desu N 
a monoclonal antibody whkh in immurK>predprtatWj*« 
acts with a 25-kDa glycosylated protein, a member of the 01 
ramily in infected ceil extracts. Irmtere and Gibson (g) haVef 
Jdenufted a 28-kDa protein that is present in both the A aid J 
B capstds of different HCMV strains. Our results wggesfj 
that the 28*kDa protein corresponds to the pho s phory tato tf* 
matrix protein. Consistent with this suggestion are ti 
electron microscopy studies which localized the \ 
recognized by the monoclonal antibody P2011 on the < 
of cytoplasmic viral capsids (16). r^ft 

The fact that pp28 is recognized by the majority oft.™ 
sera turns it into a candidate for a diagnostic reagent*! 
most reliabk protein in this regard is the bask phospbopt* 
tein(ppl50) It is recognized by virtually all sera that we (14 
and others (14) have tested and therefore represent iitidtU, 
tool to assess the occurrence of a previous HCMV infectkttl 
Preexisting high anti-ppl50 titers, on the other haadV7if 2521 
complicate the detection of a recurrent infection ; If n 
diagnostic procedure is based exclusively on this 
Therefore, it seems desirable to include additional Uu 
in the evaluation of a serological HCMV test. It has t 
shown that together with pp63 and gp58, antibody/' 
against pp28 increase subuantlatty during a recti.. 
HCMV infection 04). Therefore these four protdna (ppi 
pp65. gp58. a*fpp2S) might represent an antigenk comrw, 
sensitive enough to detect low levels of antibodies doe MfSP 
past infection and aMe to detect changes in antib^ tltem 
due to a present Infection. We have shown here thaiW 
recombinant protein synthesized In £. co/Zcao substitute lo< 
the authentk pp28 antigen. Although the number of sera 1 
we have tested is small, we believe that it is safe to ass 
that in general this polypeptide produced tn £. cofl can t 
as a reliable antigen for the detection of antibodies i 
pp28. A study testing this hypothesis on a sufficient 
of antisera is currently in progress. To avoid problem* whtttil 
could arise from antibodies against £. cv// proteins, it would j 
be advantageous to express pp28 unfused and to pt 
protein. These preparations could then be used in 
linked immunosorbent assays. So far we have not been 1 
to produce sufficient quantities of pp28 in an uitftued 
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